Several tests are available for assessing colonr vision but they can be expensive, complicated or too time consuming to perform. We have produced a new plate test based on pseudoisochromatic principles. The test, using an error score, examines both the red-green and blue-yellow axes, with four levels of difficulty for each axis. Results from a pilot study show that error scores from congenital red-green blind subjects are signifi cantly higher than those of age-matched controls (p<O.Ol) only when using the red-green plates and not the blue-yellow plates. In optic neuritis patients, error scores using both the red-green and blue-yellow plates were significantly higher than those of controls throughout the 6 month follow-up. The test, including scoring, takes 6 minutes to complete. These preliminary results suggest that the new test is effective for screening congenital red-green blindness and monitor ing colour vision defects in acquired diseases such as optic neuritis.
Eye (1996) 10,65-74 © 1996 Royal College of Ophthalmologists test will be of limited use.l, 8 It is estimated that 8% of the male population has congenital red-green blindness17,l 8 and would fail the Ishihara test.
When such a patient develops an acquired colour vision defect, the Ishihara test cannot then be used to examine the new defect. Moreover, the clinician may be misled if unaware of the existence of a congenital defect. A more useful test would be one that examines both the red-green and blue-yellow axes.
The Ishihara test was designed largely as a qualitative test -patients either do very well or very badly. The test is not sufficiently sensitive to identify those with mild red-green colour defects, who tend to pass undetected. It is known that in acquired conditions the degree of colour vision defect varies with disease status, and in these conditions where monitoring of fluctuations is required, the Ishihara test is unhelpful.
The Farnsworth-Munsell 100-hue testl9,20 is a quantitative test which was also originally designed to detect congenital colour blindness but is now used for acquired diseases as well. The test relies on the subject's colour matching ability, which is indepen dent of their colour vision status. 6 The test is inefficient at estimating the degree of colour vision loss along a particular confusion axis, as the data for each axis rely on only a small proportion of the total number of caps. Once the results are obtained, unless the subject has a dense defect along a particular colour axis, interpretation can often be difficult.
Because it is time consuming to perform and scoreup to 20 minutes for each eye2l -the test is impractical for routine use in the clinic?2
We have designed a new set of pseudoisochro matic plates which attempts to redress the limitations discussed. This new test examines two axes: the red green and blue-yellow axes. It can therefore identify congenital red-green defects and, in their presence, be used to detect any abnormalities in colour vision resulting from acquired diseases such as optic neuritis. It can also be used for acquired diseases which affect mainly the blue-yellow axis. Further more the plates are graded, so that the degree of defect can be recorded and used to monitor fluctuations in the disease status.
DESIGN OF THE PLATES
The test comprises 17 plates. The first plate (plate 0) is a control plate; plates 1-8 are designed to test the red-green confusion axis; plates 9-16 test the blue yellow confusion axis.
Plates 0, 1 and 9 from the test are shown in Figs. 1, 2 and 3 respectively. Each plate consists of six groups of randomly distributed grey spots of varying shades. In one of the six groups, some of the grey spots are replaced by a different colour which lies on either the red-green or blue-yellow confusion axes. It is this odd-one-out group with the replacement colour that the subject has to identify. A red-green colour blind subject cannot differentiate between grey and the replacement colour 6 that lies on the red-green axis and will not be able to identify this odd-one-out group. Similarly, subjects with blue-yellow defects will be unable to identify replacement colours on the blue-yellow axis. Visual clues due to luminosity differences have been eliminated by using varying shades of grey with photopic reflectance above and below that of the coloured spots.
Validation of the chosen hue, saturation and luminosity of the coloured spots was carried out using a telespectroradiometer. This captures the spectral power distribution of light reflected from one spot relative to that reflected from a standard white surface (Halon). A tungsten halogen source was directed towards the surface of the plate at an angle of incidence of 45 degrees. Light reflected normal to the surface was imaged on an optic fibre that directed the captured light to a monochromator. This viewing sytsem represents the normal viewing conditions. 6 The reflectance relative to the standard white surface was worked out and the Commission Internationale de l'Eclairage (CIE) 1976 u'v' coordinates 23 for the spots were calculated. The chromaticity coordinates for the red-green and blue yellow plates are shown in Tables I and II From the diagram it can be seen that the red-green and blue-yellow spots in the new test will be confused by red-green and blue-yellow vision defective subjects respectively P However, the short coming of using these specific chromaticities is that it C. H. KON AND D. DE ALWIS assumes that colour vision defects lie along the two confusion axes, and it therefore omits to test the discrimination of other hues. The test therefore has limitations in testing some acquired dyschroma topsias which may have defects along other confu sion axes. Menage and co-workers 24 have shown that optic neuritis can present with non-specific colour vision loss which does not lie along any particular axis.
Four levels of difficulty have been designed by altering the degree of saturation of the replacement colour. Low-saturation replacement spots more closely resemble the grey spots than do high saturation replacement spots. Low-saturation spots will therefore be more difficult to identify. It follows that spots of low saturation will be discernible only by subjects with milder defects. Subjects with dense defects will be able to identify only spots of higher saturation. A simple scoring system based on the inability to identify the odd-one-out plate, i.e. error score, has been devised to enable rapid and easy interpretation of the results.
PERFORMING AND SCORING THE TEST IN THE CLINIC
The test should be performed under CIE Illuminant 'C' illumination using the Macbeth Easel lamp ADE 10 or equivalent at a distance of two-thirds of a metre. Refractive errors should be corrected and each eye tested in turn. The 17 plates are labelled consecutively as plate 0 to plate 16. The subject is told that one of the six groups of spots on each plate contains a colour other than grey and it is this group that has to be identified. The subject is given approximately 10 seconds per plate.
The first plate (plate 0) is a control plate and a correct answer should be obtained from all subjects irrespective of their colour vision status. If a wrong answer is given, this may be due either to a very poor visual acuity or malingering and the test should be abandoned. As every subject should be able to identify the odd-one-out group on this plate, it can also be used to convey the simple instructions to those subjects who have difficulty in understanding, e.g. young children or those with language difficul ties.
Plates 1 to 8 test the red-green confusion axis. The level of difficulty increases every two consecutive plates. Therefore plates 1 and 2 are the easiest and plates 7 and 8 the most difficult. Plates 9 to 16 test the blue-yellow axis and are arranged in a similar way to the red-green plates.
A score sheet is available for use in conjunction with the test (Fig. 5) . On the score sheet, each block represents a plate and the correct location of the odd-one-out group is indicated by 'x'. The number at
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(Plates reproduced here are for illustration only and should not be used to test patients. This is due to the lack of colour control in the printing.) the top left-hand side of each block is the plate number. The number on the right-hand side is the error score. No score is given for a correct answer, i.e. if the subject correctly identifies the group with the replacement colour. If a wrong answer is given, the examiner circles the 'error score' on the right of each block. At the end of the test the total score for the red-green and blue-yellow defects for each eye is calculated by adding up the circled error scores. The higher the score, the denser the defect. A total of 0 is a perfect score and a score of 20 indicates that the patient has failed all the plates in the series.
PATIENTS AND METHOD
Fourteen patients with congenital red-green blind ness (4 protanopic and 10 deuteranopic) as diag nosed by plates 2 to 21 of the Ishihara test and 14 age-matched controls with no past history of ocular disease were selected. All patients and controls had a visual acuity of 6/9 or better in at least one eye. There were no demographic differences between patient and controls in sex and age (patients 20-56 years, mean 37. 
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years).
The new test was administered under the same lighting condition as the Ishihara test and scores were obtained. The patients were then exam ined by an ophthalmologist to exclude any ocular pathology. As congenital red-green colour blindness is bilateral and usually equal in both eyes, 8 scores from the right eye were used in the analysis unless the visual acuity was less than 6/9, in which case the score from the left eye was used. The same scoring method was used for controls. Optic neuritis was the acquired condition chosen for this study. Eleven patients presenting with the first episode of demyelinating optic neuritis and satisfying the criteria set out by Menage et al?4 (Table III) were selected. Patients had an age range of 24-44 years, mean 33.5 years. Eleven age-matched controls (age range 24-46 years, mean 34. 1 years) with visual acuities of 6/9 or better and no past history of ocular disease were chosen. Controls were tested on only one occasion to obtain their visual acuity and scores using the new test. The patients were examined at presentation and at 1 month, 3 months and 6 months. At each visit, the Snellen visual acuity and the new colour VISIOn test were repeated. Patients were also examined by an ophthalmologist to exclude any other ocular pathol- ogy. All patients had a visual evoked potential test during the 6 month follow-up period to confirm optic nerve dysfunction.
RESULTS
The new test scores colour vision defects from 0 (no deficit) to 20 (dense deficit). Statistical analysis was done using Wilcoxon's rank sum test for matched pairs.
Congenital Red-Green Blindness (Table IV) The error score range using the red-green plates was 16 to 20 (mean 18.64) in the red-green colour blind group compared with 0 to 2 (mean 0.64) in controls. This difference in error scores was statistically significant (p<0.01). Using the blue-yellow plates, the error score range in the red-green colour blind group was 0 to 8 mean (mean 1.21) compared with 0 to 2 (mean 0.36) in controls. There was no significant difference in the error scores between the two groups for these plates (p>0.05). The results are set out in Table IV . These results confirm the ability of the new test to differentiate between the two colour axes. (Tables V, VI) At presentation, the optic neuritis patients had an error score range of 9 to 20 (mean 18.4) using the red-green plates and 9 to 20 (mean 17.6) using the blue-yellow plates. The ranges for the age-matched controls were 0 to 3 (mean 0.8) and 0 to 2 (mean 0.5) respectively. The optic neuritis error scores for both the red-green and blue-yellow plates of the new test were significantly higher than those of the age matched controls (p<0.01).
Optic Neuritis
Fluctuations in error scores for each patient were 36 recorded throughout the 6 month follow-up period.
A general trend of decreasing error score was seen, but the scores remained significantly higher than those of controls throughout the study. At initial presentation, only 1 patient (9%) had a visual acuity of 6/9 or better. By 6 months the figure had increased to 9 eyes (82 %). At 6 months the error score range for the optic neuritis patients was 0 to 20 (mean 11.8) and 0 to 20 (mean 10.6), using the red green and blue-yellow plates respectively. Despite the improvement in visual acuity, there was still a significant difference in error scores, i.e. a significant loss of red-green and blue-yellow colour perception in patients compared with controls (p<0.01). The results are set out in Tables V and VI Generally, congenital defects tend to be stable whilst acquired defects (e.g. optic neuritis, dysthyroid eye disease, proliferative retinopathy) tend to fluctuate according to disease status. Congenital red-green colour vision defects affect 8% of men to varying degrees. Many 'mass screening tests' have been designed to identify this defect and traditionally used to exclude these men from types of employment which require 'normal' colour vision; for example, the Ishihara test was designed and used to select railway workers. Because it is easy, quick to perform, and does not require special skills on the part of the examiner or the subject, the Ishihara test has been widely used for this purpose.
Using the new test, patients with congenital red green blindness as diagnosed by the Ishihara test had significantly higher error scores using the red-green plates than controls (p<O.01). As expected, the error scores for the blue-yellow plates were not signifi cantly different from those of controls (p>O.05). This suggests that the new test is able to differentiate between patients with congenital red-green blind ness and normal subjects using the red-green axis. and confirms that the blue-yellow axis is unaffected in congenital red-green blindness.
Over the years, the Ishihara test has also been used extensively in the clinic to test acquired colour vision defects, a function for which it was not designed. Unlike congenital defects. acquired colour vision defects can affect both the red-green and blue-yellow axes and the degree of defect can fluctuate with the disease status.
Optic neuritis is an inflammation of the optic nerve which can be idiopathic or due to a demyelinating lesion. The acute attack typically presents with pain on eye movement, sudden reduction in visual acuity in one eye and an ipsilateral relative afferent pupillary defect. Improvement in visual acuity is variable but a return to pre-attack levels usually occurs within 3 months. Despite almost complete recovery of visual acuity as measured by the Snellen acuity chart, many patients still complain of visual symptoms. These can be attributed to defects in colour vision and/or loss of contrast sensitivity. 1 . 25 -27 Evidence suggests that both red-green and blue yellow colour vision 28 defects exist.
Results from this study confirm that despite recovery in visual acuity, defects in colour vision persist in optic neuritis patients. At 6 months, the error scores for both the red-green and blue-yellow plates were still significantly higher than those of controls (p<O.01). Although there was considerable recovery of colour vision during follow-up, the difference remained statistically significant through out the 6 month period. These findings are consistent with those of Menage et al?4
Further studies are in progress to look at the applications of the new test in two other acquired diseases known to cause colour vision deficit, namely dysthyroid eye disease and diabetic retinopathy. In the latter condition, blue-yellow colour deficit is reported to be an early sign of proliferative retinopathi 9 for which referral to an ophthalmolo gist may be required.
This study shows that the new colour vision test can be used to test congenital and acquired colour vision defects as it measures both red-green and blue-yellow deficits. It is able to demonstrate visual dysfunction beyond visual acuity measurement and can be used to monitor the progress of colour vision defects caused by acquired diseases such as optic neuritis. The test offers clinicians a simple and effective tool for screening congenital colour blind ness and for the diagnosis and management of acquired colour vision defects.
